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83349 Vdq Grphqlfr gl Ilhvroh +LWDO\,
H0Pdlo= krpdqqClxh1lw
Mxqh/ 48wk 4<<<
4L dp yhu| judwhixo wr Plnh Duwlv dqg Vûuhq Mrkdqvhq iru pdq| glvfxvvlrqv
wkdw duh v|qwkhvl}hg lq wklv sdshu1 L vkrxog dovr olnh wr wkdqn Vdvfkd Ehfnhu
iru pdq| frpphqwv dqg vxjjhvwlrqv dorqj wkh zd|1 Dq| huuruv duh plqh1Devwudfw
Zh sursrvh d vlpsoh lqwhuwhpsrudo prgho ri rxwsxw dqg fxuuhqw dffrxqw
g|qdplfv wkdw zh hvwlpdwh xvlqj d frlqwhjudwhg YDU dssurdfk1 Zh vxj0
jhvw d phwkrg iru lghqwli|lqj joredo dqg frxqwu|0vshflf vkrfnv iurp wkh
YDU dqg whvw lw/ xvlqj furvv0frxqwu| hylghqfh1 Rxu uhvxowv vkrz wkdw wkh
lghqwlfdwlrq vfkhph zrunv zhoo lq sudfwlfh/ fruurerudwlqj dq lpsruwdqw
suhglfwlrq ri wkh lqwhuwhpsrudo dssurdfk wr wkh fxuuhqw dffrxqw1 Zh dv0
vrfldwh joredo vkrfnv zlwk pryhphqwv lq wkh XV rxwsxw jurzwk udwh1 Lq
dffrugdqfh zlwk wkh wkhru|/ zh dovr revhuyh d olqn ehwzhhq wkh joredo
vkrfn dqg d phdvxuh ri wkh zruog uhdo lqwhuhvw udwh1 Wklv olqn lv pruh
surqrxqfhg lq wkh orqj0uxq wkdq lq wkh vkruw0uxq1
MHO fodvvlilfdwlrq= I74/ I76/ F654 Lqwurgxfwlrq
Olwwoh vw|ol}hg nqrzohgjh lv dydlodeoh rq wkh txhvwlrq lq zklfk zd| lqgxv0
wuldol}hg frxqwulhv duh surqh wr lqwhuqdwlrqdo vkrfnv dqg krz wkh| dgmxvw
wr wkhp1 Lq wklv sdshu/ zh sursrvh d vlpsoh prgho fhqwhuhg durxqg wkh
fxuuhqw dffrxqw dv wkh nh| yduldeoh ri pdfurhfrqrplf wudqvplvvlrq1 Rxu
vhwxs rhuv d frpsdfw iudphzrun lq zklfk wkh iroorzlqj txhvwlrqv fdq
eh wdfnohg=
 Fdq zh ydolgo| lghqwli| joredo dqg frxqwu|0vshflf vkrfnv xvlqj d
vlpsoh prgho ri wkh zruog hfrqrp|B
 Krz shuvlvwhqw duh joredo dqg frxqwu|0vshflf vkrfnvB
 Fdq zh dvvrfldwh joredo vkrfnv zlwk revhuydeoh hfrqrplf yduldeohvB
 Zkdw gulyhv wkh ghyhorsphqw ri orqj0uxq rxwsxw lq wkh vhyhq eljjhvw
hfrqrplhvB Lv lw joredo vkrfnv ru frxqwu|0vshflf vkrfnvB Gr
vkrfnv wr wkh fxuuhqw dffrxqw gulyh rxwsxw ru gr rxwsxw vkrfnv
ghwhuplqh wkh fxuuhqw dffrxqwB
Wkh wkhruhwlfdo iudphzrun ri wkh sdshu lv surylghg e| wkh lqwhuwhp0
srudo dssurdfk wr wkh fxuuhqw dffrxqw lqlwldwhg e| Vdfkv +4<;4, dqg h{0
whqghg e| Revwihog +4<;9/ 4<<8,1 Vlqfh wkh dsshdudqfh ri wkh odqgpdun
errn e| Revwihog dqg Urjr +4<<9,/ wkh lqwhuwhpsrudo dssurdfk kdv dovr
ehfrph d wh{werrn sdudgljp1 Rxu hpslulfdo lpsohphqwdwlrq uholhv rq d
vwuxfwxudo YDU dssurdfk wkdw lv hpehgghg lq d frlqwhjudwhg prgho1 Zh
w k l q nw k d wv x f kdi u d p h z r u nl vdj r r gy h k l f o hz l w kz k l f kw r v ki r uv w | o 0
l}hg idfwv lq lqwhuqdwlrqdo pdfur= lw frqwdlqv hqrxjk hfrqrplfv wr dyrlg
wkh ulvn ri *phdvxuhphqw zlwkrxw wkhru|* exw lv dw wkh vdph wlph vlpsoh
dqg gdwd0gulyhq1
Wkh sdshu*v od|rxw lv dv iroorzv= vhfwlrq wzr suhvhqwv d vlpsoh lq0
whuwhpsrudo rswlplvdwlrq prgho ri wkh fxuuhqw dffrxqw wkdw kljkoljkwv
wkh hfrqrphwulf lpsolfdwlrqv ri wkh lqwhuwhpsrudo dssurdfk dqg vxjjhvwv
krz shupdqhqw dqg wudqvlwru| frpsrqhqwv ri rxwsxw fdq eh lghqwlhg1 LqVhfwlrq 6/ zh vxjjhvw dq lghqwlfdwlrq vfkhph wr lghqwli| frxqwu|0vshflf
dqg joredo vkrfnv dqg glvfxvv lwv hfrqrphwulf lpsohphqwdwlrq1 Lq Vhf0
wlrq 7/ zh suhvhqw uhvxowv> lq sduwlfxodu/ zh glvfxvv wkh txdolw| ri rxu
lghqwlfdwlrq vfkhph/ xvlqj furvv0frxqwu| hylghqfh1 Vhfwlrq 8 frqfoxghv1
5 Wkh lqwhuwhpsrudo dssurdfk
Lq rxu hpslulfdo lpsohphqwdwlrq/ zh zloo xvh h{shfwhg xwlolw|/ zklfk lv

















vxemhfw wr wkh lqwhuwhpsrudo exgjhw frqvwudlqw
|n￿ 'E no   |nt | | +5,
zkhuh t| lv rxwsxw/ | lv frqvxpswlrq dqg o uhsuhvhqwv wkh zruog uhdo






Wkh fxuuhqw dffrxqw lv ghqhg dv4
| '{  | n￿ +7,
Lq vxfk d prgho djhqwv ehkdyh dv li doo yduldeohv dfwxdoo| uhdol}h
wkhlu h{shfwhg ydoxhv1
4Lq wklv prgho/ d fkdqjh lq wkh qhw iruhljq dvvhw srvlwlrq/ Ew/ zloo uhtxluh dq
lqwhuqdwlrqdo  rz ri ixqgv1 Wkh fxuuhqw dffrxqw lv pruh jhqhudoo| gh￿qhg dv wkh
gl￿huhqfh ehwzhhq vdylqjv dqg lqyhvwphqw/ FD @ V ￿ L dqg ri frxuvh wkdw lv wkh
fdvh khuh dv zhoo rqfh zh gh￿qh Vw @ \w ￿ Fw . uEw1 Wkh htxdolw| ehwzhhq FDw dqg
￿Ew.4/ zloo krog rqo| xqghu wkh dvvxpswlrq wkdw qr sulfh fkdqjhv d￿hfw wkh frxqwu|*v
qhw iruhljq dvvhw srvlwlrq1 Wklv zrxog/ h1j1/ kdsshq zkhqhyhu wkh uhdo h{fkdqjh udwh
fkdqjhv1
5Wklv fhuwdlqw|0htxlydohqfh ihdwxuh |lhogv d vlpsoh iruzdug orrnlqj
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Soxjjlqj wklv lqwr wkh ghqlwlrq ri wkh fxuuhqw dffrxqw/ zh jhw









. |t | n r't | t | +8,
zkhuh  t| ghqrwhv wkh shupdqhqw ydoxh ri rxwsxw1
Qrz ohw xv vshfli| d vlpsoh surfhvv iru rxwsxw=












ghqrwhv wkh yhfwru ri frxqwu|0vshflf dqg joredo
vkrfnv zklfk duh dvvxphg wr kdyh xqlw yduldqfh dqg duh vhuldoo| dqg
frqwhpsrudqhrxvo| xqfruuhodwhg1
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6Wkh deryh vhwxs jlyhv xv d vlpsoh mrlqw uhsuhvhqwdwlrq ri fxuuhqw











i| ' #Ewi| +;,
Qrwh wkdw lq wklv vwuxfwxudo prylqj0dyhudjh uhsuhvhqwdwlrq/ wkh g|qdplfv
ri wkh fxuuhqw dffrxqw duh gulyhq e| joredo dqg frxqwu|0vshflf vkrfnv1
Li krzhyhu/ lqwhuqdwlrqdo fdslwdo prelolw| lv vx!flhqwo| kljk/ doo frxqwulhv
zloo uhdfw wr d joredo vkrfn lq wkh vdph zd| 0 zdqwlqj wr vdyh pruh ru
ohvv/ ghshqglqj rq zklfk zd| wkh vkrfn jrhv1 Exw qrw doo fdq uxq fxuuhqw
dffrxqw ghflwv ru vxusoxvhv dw wkh vdph wlph1 Udwkhu/ d joredo vkrfn
vkrxog wkhq lpslqjh rq wkh zruog lqwhuhvw udwh dqg htxloleudwh zruog
vdylqj dqg lqyhvwphqw1
Wklv uhdvrqlqj kdv wzr lpsolfdwlrqv=
 Wkh fxuuhqw dffrxqw vkrxog uhdfw pruh vwurqjo| wr frxqwu|0vshflf
vkrfnv wkdq wr joredo vkrfnv1
 joredo vkrfnv vkrxog eh dvvrfldwhg zlwk fkdqjhv lq wkh zruog lqwhu0
hvw udwhv1
Lq wkh vhtxho ri wkh sdshu/ zh zloo xvh wkh uvw ri wkhvh wzr lpsol0
fdwlrqv wr lghqwli| frxqwu|0vshflf dqg joredo vkrfnv1 Wkh txdolw| ri wklv
lghqwlfdwlrq lv wkhq dvvhvvhg xvlqj wkh vhfrqg1
6 Hfrqrphwulf Lpsohphqwdwlrq
Lq wkh vwuxfwxudo prgho +;,/ erwk yduldeohv duh vwdwlrqdu|1 Lq wklv sdshu/
krzhyhu/ zh duh frqfhuqhg zlwk wkh orqj0uxq surshuwlhv ri rxwsxw/ l1h1
zlwk lwv shupdqhqw frpsrqhqw1 Zh zloo wkhuhiruh frqvlghu d v|vwhp lq








7Lq vxfk d v|vwhp/ rxwsxw lv UE zkhuhdv wkh fxuuhqw dffrxqw lv
vwdwlrqdu|1 Wklv dprxqwv wr vd|lqj wkdw wkh wzr yduldeohv vkduh rqh
frpprq wuhqg ru lq rwkhu zrugv/ wkhuh lv d wulyldo frlqwhjudwlqj uhodwlrq0





1 Wklv/ ehfrphv fohduhu rqfh
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Ehfdxvh  lv vwdwlrqdu|/ zh kdyh _￿E'fdqg wkhuhiruh
#E'

_ ￿E  







Khqfh/ #E kdv uhgxfhg udqn dqg wkh orqj0uxq g|qdplfv ri wkh
v|vwhp duh gulyhq e| wkh vwrfkdvwlf wuhqg U￿E
S|
￿’f i￿1
Wkh vwuxfwxudo vkrfnv duh xqrevhuydeoh dqg wkhuhiruh wkh prylqj
dyhudjh0uhsuhvhqwdwlrq ri {j| ru wkh EQ0uhsuhvhqwdwlrq iru j| fdqqrw
eh hvwlpdwhg gluhfwo|1 Udwkhu/ zh dvvxph wkdw lw lv srvvleoh wr hvwlpdwh
d uhgxfhg0irup prylqj dyhudjh
{j|' Ew%| +44,
Lq zklfk wkh rqo| zd| wkh joredo dqg frxqwu|0vshflf vkrfnv jhw
*pl{hg xs* lv wkdw wkh| duh d olqhdu frpelqdwlrq ri wkh uhgxfhg0irup
uhvlgxdov=
%|' 5i| +45,
Dv zh dvvxphg wkh joredo dqg frxqwu|0vshflf vkrfnv wr eh _
dqg wr kdyh xqlw0yduldqfh dv zhoo dv wr eh frqwhpsrudqhrxvo| xqfruuh0




8Lq rxu wzr0glphqvlrqdo v|vwhp/ wklv frqglwlrq lpsrvhv wkuhh uhvwulf0
wlrqv rq 51W rm x v wl g h q w l i |5 / rqh ixuwkhu uhvwulfwlrq lv qhhghg1
Wkhru| suhglfwv wkdw wkh fxuuhqw dffrxqw vkrxog uhdfw rqo| zhdno|
wr joredo vkrfnv1 Zh zloo h{sorlw wklv surshuw| khuh wr glvhqwdqjoh joredo
iurp frxqwu|0vshflf vkrfnv1 Lq vr grlqj/ zh zloo lpsrvh wkh uhvwulfwlrq
wkdw joredo vkrfnv gr qrw kdyh dq hhfw rq wkh fxuuhqw dffrxqw lq wkh
shulrg wkh| rffxu +wkh| fdq krzhyhu kdyh d qrq0}hur hhfw odwhu,1 Lq idfw/
lpsrvlqj wklv uhvwulfwlrq dprxqwv wr d yhu| vlpsoh lghqwli|lqj uhvwulfwlrq=
lghqwlfdwlrq lv dfklhyhg e| phdqv ri d Fkrohvnl ghfrpsrvlwlrq ri wkh
yduldqfh0fryduldqfh pdwul{ ri wkh uhgxfhg irup uhvlgxdov/ l1W rv h hw k l v /
qrwh wkdw wkh uvw frpsrqhqw ri %| lv wkh uhgxfhg0irup lqqrydwlrq wr wkh








Exw wrjhwkhu zlwk l ' 55
￿ wklv xqltxho| lghqwlhv 5 dv wkh orzhu
Fkrohvnl0idfwru ri l1
Khqfh/ zh fdq pds wkh vwuxfwxudo PD0irup lqwr wkh uhgxfhg irup=
Ew5 ' #Ew +48,
Dqg dv rxu lqwhuhvw zloo eh sduwlfxoduo| lq orqj0uxq irufhv=
E5 ' #E
Zh zloo qrz dssur{lpdwh Ew e| d YDU0uhsuhvhqwdwlrq1 Qrwh/
krzhyhu/ wkdw d qlwh0rughu YDU uhsuhvhqwdwlrq iru {j| grhv qrw h{0
lvw gxh wr wkh suhvhqfh ri d frpprq wuhqg1 Lw iroorzv iurp Judqjhu*v
uhsuhvhqwdwlrq wkhruhp +Hqjoh dqg Judqjhu +4<;:,, wkdw {j| fdq eh
uhsuhvhqwhg lq wkh irup ri d yhfwru0huuru fruuhfwlrq prgho +YHFP,=
KEw{j| ' |3￿ n%| +49,





9Rqfh zh kdyh hvwlpdwhg wklv prgho/ zh fdq h{suhvv wkh orqj0uxq
vwuxfwxuh ri rxwsxw dv d ixqfwlrq ri wkh sdudphwhuv ri wkh YHFP1 Lq
sduwlfxodu/ dv ghprqvwudwhg lq Mrkdqvhq +4<<8,/ wkh pdwul{ E fdq








Qrz qrwh wkdw wkh vwuxfwxuh ri wklv pdwul{ lv vxfk wkdw lw pdsv wkh
uhgxfhg0irup glvwxuedqfhv %| lqwr wkh vsdq ri z1 Wkh glvwxuedqfhv
￿
z%| dffxpxodwh wr wkh shupdqhqw frpsrqhqw ri j| zkhuhdv wudqvlwru|
glvwxuedqfhv zloo eh lq wkh qxoo vsdfh ri E Zh fdq wkhuhiruh ghqh




dqg e| uhtxlulqj wkdw shupdqhqw dqg wudqvlwru| glvwxuedqfhv eh ruwkrj0
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:614 Wkh orqj0uxq hhfwv ri vkrfnv
Lq d vhplqdo sdshu/ Eodqfkdug dqg Txdk +4<;<, lghqwlhg ghpdqg dqg
vxsso| glvwxuedqfhv iurp d elyduldwh v|vwhp/ uhtxlulqj wkdw wkh iruphu gr
qrw kdyh d orqj0uxq hhfw rq rxwsxw1 Wkhlu uhvwulfwlrq srvwxodwhv d irup
ri orqj0uxq qhxwudolw| wkdw 0 lq ydulrxv vhwwlqjv 0 lv riwhq vxjjhvwhg e|
hfrqrplf wkhru|1 Wklv lv zk| wkh Eodqfkdug0Txdk lghqwlfdwlrq vfkhph
kdv suryhq yhu| srsxodu lq dssolhg zrun ryhu wkh odvw ghfdgh +iru dssol0
fdwlrqv ri wkh Eodqfkdug0Txdk vfkhph vhh h1j1 Ed|rxpl dqg Hlfkhqjuhhq
+4<<5 d dqg e, dqg Ed|rxpl dqg Wd|oru +4<<8,,1
Dovr lq wkh frqwh{w ri wklv sdshu/ wkh Eodqfkdug0Txdk lghqwlfd0
wlrq vhhpv dq reylrxv fdqglgdwh1 Hfrqrplf prghov zloo riwhq uhtxluh
wkdw frxqwu|0vshflf vkrfnv duh orqj0uxq qhxwudo z1u1w1 rxwsxw1 Iru h{0
dpsoh lq wkh Jolfn dqg Urjr +4<<8, prgho/ wkh hpslulfdo lpsohphqwd0
wlrq zloo |lhog uhvxowv wkdw duh dw rggv zlwk wkh vkruw0uxq g|qdplfv ri
wkh lqwhuwhpsrudo wkhru| li lq wkh wkhruhwlfdo prgho frxqwu|0vshflf wrwdo
idfwru surgxfwlylw| lv uhtxluhg wr iroorz d udqgrp zdon1
Lq d uhfhqw vwxg|/ Urjhuv dqg Qdvrq +4<<;, xvh d vwuxfwxudo YDU
dssurdfk dqg hpsor| ydulrxv lghqwlfdwlrq vfkhphv1 Wkh| qg Fkrohvnl0
w|sh lghqwlfdwlrqv wr |lhog orqj0uxq g|qdplfv wkdw duh lqfrqvlvwhqw zlwk
orqj0uxq lghqwlfdwlrq vfkhphv lq wkh vslulw ri Eodqfkdug dqg Txdk
+4<;<, dqg ylfh yhuvd1 Wkh| gr krzhyhu/ qrw vlqjoh rxw rqh lghqwlfd0
wlrq vfkhph wkdw lv vxshulru wr wkh rwkhuv lq lwv delolw| wr lghqwli| joredo
dqg frxqwu|0vshflf vkrfnv1 Wklv zrxog uhtxluh furvv0prgho hylghqfh
zklfk zh zloo surylgh lq wklv sdshu= wkh Fkrohvnl0lghqwlfdwlrq vfkhph
sursrvhg lq wkh suhylrxv vhfwlrq zrunv zhoo lq lghqwli|lqj joredo dqg
frxqwu|0vshflf vkrfnv1 Zh zloo dujxh wkdw lw irfxvhv rq dq lpphgldwh
lpsolfdwlrq ri wkh lqwhuwhpsrudo dssurdfk +joredo vkrfnv gr qrw lpslqjh
rq wkh fxuuhqw dffrxqw, zkhuhdv wkh Eodqfkdug0Txdk vfkhph zloo hqvxh
lq vrph lqwhuwhpsrudo prghov exw qrw lq rwkhuv1 Diwhu wkh prgho kdv
ehhq lghqwlhg e| wkh Fkrohvnl0vfkhph/ lw ehfrphv srvvleoh wr whvw wkh
Eodqfkdug0Txdk vfkhph dv dq ryhulghqwli|lqj uhvwulfwlrq 1 Zh zloo qrz
vkrz wkdw lq wkh suhvhqfh ri d frlqwhjudwlqj uhodwlrq lw lv sduwlfxoduo|
hdv| wr whvw wklv ryhulghqwli|lqj uhvwulfwlrq1
;Ohw iru qrz wkh pdwul{ 5 ' ir￿￿j￿c￿’￿c2 ghqh mxvw dq| lghqwlfdwlrq
vfkhph vxfk wkdw 55
￿' l1
Wkhq iurp %|' 5i| dqg #|' ￿
z%| zh jhw
#| 'E k ￿r 2￿  k2r￿￿e
S
| nE k ￿r 22  k2r￿2e
￿
| +55,







Wklv lv d whvwdeoh sursrvlwlrq +frqglwlrqdo ri frxuvh/ rq wkh lghq0
wli|lqj dvvxpswlrqv wkdw jlyh xv 5,= k2 dqg k￿ duh sdudphwhuv ri wkh
uhgxfhg irup dqg dv vxfk wkhlu hvwlpdwhv duh xqdhfwhg e| wkh lghqwl0
fdwlrq vfkhph fkrvhq1 Dv vkrzq h1j1 lq Mrkdqvhq +4<<8,/ olqhdu uh0
vwulfwlrqv rq wkh vsdfh vsdqqhg e|  fdq eh whvwhg dqg wkhvh whvwv duh
dv|pswrwlfdoo| 20glvwulexwhg1 Lq wkh suhvhqw vhwwlqj/ wkh k|srwkhvlv fdq
eh irupxodwhg dv iroorzv=





Li ixuwkhupruh/ zh zdqw wr wdnh dffrxqw ri wkh hvwlpdwlrq xq0
fhuwdlqw| lq r2￿*r￿￿/w k l vz l o oq ro r q j h ue hdo l q h d uk | s r w k h v l vr q
rqo|1 Vwloo wkhuh lv d vlpsoh zd| wr whvw wkh k|srwkhvlv1 Qrwh wkdw zlwk
























whvwlqj wkh k|srwkhvlv zh duh lqwhuhvwhg lq dprxqwv wr d |whvw rq zkhwkhu
wkh frh!flhqw rq |3￿ lv }hur1
<Wkh Eodqfkdug0Txdk lghqwlfdwlrq vfkhph olqnv wkh shulrg0}hur lp0
sxovh uhvsrqvh ri rxwsxw dqg wkh fxuuhqw dffrxqw/ jlyhq e| r2￿*r￿￿ wr wkh
uhodwlyh orqj0uxq lpsxovh uhvsrqvh wr +uhgxfhg0irup, rxwsxw dqg fxuuhqw
dffrxqw fkdqjhv/ jlyhq e| k2*k￿1 Wklv lpsolhv wkdw wkh vkruw0uxq g|0
qdplfv ri wkh v|vwhp dv jlyhq e| wkh pdwul{ 5 vwurqjo| lq xhqfh wkh
orqj0uxq g|qdplfv dqg ylfh0yhuvd1 Xqghu wkh Eodqfkdug0Txdk lghqwl0
fdwlrq vfkhph/ k2 'flpsolhv r2￿ 'f+qrwh wkdw lq d frlqwhjudwhg v|vwhp
 ' f lv qrw srvvleoh,1 Wkhq/ rxwsxw lv qrw rqo| zhdno| h{rjhqrxv lq
wkh orqj0uxq/ exw dovr/ k2 ' r2￿ 'flpsolhv wkdw rxwsxw lv suhghwhu0
plqhg dqg dovr lq wkh vkruw0uxq xqh{shfwhg rxwsxw fkdqjhv +zklfk wkhq
frlqflgh zlwk joredo vkrfnv, zloo gulyh wkh fxuuhqw dffrxqw1
Rq wkh rwkhu kdqg/ qrwh wkdw wkh Fkrohvnl0lghqwlfdwlrq vfkhph zh
kdyh vxjjhvwhg deryh zloo jhqhulfdoo| uhtxluh wkh joredo vkrfn wr kdyh
vrph orqj0uxq lpsdfw rq rxwsxw= li 5 lv wkh orzhu0Fkrohvnl0idfwru ri l/
r￿2 'fdqg r22 : f1 Khqfh/ xqohvv k￿ 'f /l 1 h 1 z h q gw k hf x u u h q w
dffrxqw wr eh zhdno| h{rjhqrxv/ wkh Fkrohvnl0vfkhph zloo qrw eh frp0
sdwleoh zlwk wkh Eodqfkdug0Txdk vfkhph z1u1w1 wr joredo vkrfnv1
Wkh suhfhglqj glvfxvvlrq sxwv xv lq d srvlwlrq wr glvfxvv wkh uhod0
wlyh shuvlvwhqfh ri joredo dqg frxqwu|0vshflf vkrfnv1 Uhfdoo wkh uhsuh0
vhqwdwlrq ri wkh shupdqhqw vkrfnv lq +55, dqg qrwh wkdw wkh Fkrohvnl0
lghqwlfdwlrq vfkhph uhtxluhv r￿2 'f 1 Wkhq





Wkh frh!flhqw rq eS
|/ k￿r2￿k2r￿￿/ lv d ixqfwlrq ri wkh rxwsxw0 dqg
fxuuhqw0dffrxqw uhvsrqvh lq shulrg }hur= r2￿ phdvxuhv wkh shulrg0}hur
rxwsxw uhvsrqvh wr d frxqwu|0vshflf vkrfn zkhuhdv r￿￿ phdvxuhv wkh
fruuhvsrqglqj fxuuhqw0dffrxqw uhvsrqvh1 Wkhvh uhvsrqvhv/ lq wkh orqj0

















Wklv htxdwlrq whoov xv wkdw wkh orqj0uxq lpsdfw ri d rqh vwdqgdug0ghyldwlrq








43Wkh Eodqfkdug0Txdk lghqwlfdwlrq vfkhph lv frpsdwleoh zlwk wkh
Fkrohvnl0vfkhph rqo| li wklv glhuhqfh lv irxqg wr eh }hur1
Wkh uvw udwlr lv wkh vkruw0uxq lpsxovh uhvsrqvh ri rxwsxw uhodwlyh
wr wkh fxuuhqw dffrxqw1 Lw whoov xv krz d frxqwu|0vshflf vkrfn jhwv
dpsolhg lq wkh shulrg lw rffxuv1 Wkh vhfrqg whup phdvxuhv dpsolfdwlrq
dv zhoo/ exw qrz lq wkh orqj0uxq= krz pxfk pruh vwurqjo| grhv rxwsxw
uhdfw wr xqh{shfwhg fxuuhqw dffrxqw fkdqjhv wkdq wr xqh{shfwhg rxwsxw
fkdqjhvB
Khqfh/ zh fdq lqwhusuhw wkh glhuhqfh ehwzhhq vkruw0uxq dqg orqj0
uxq dgmxvwphqw dv d phdvxuh ri wkh uhodwlyh frqwulexwlrq ri frxqwu|0
vshflf vkrfnv wr wkh vwrfkdvwlf wuhqg lq rxwsxw1 Htxlydohqwo|/ zh fdq
xqghuvwdqg lw dv d phdvxuh ri wkh shuvlvwhqfh ri frxqwu|0vshflf uhodwlyh
wr joredo vkrfnv1 Ehfdxvh d phdvxuh ri shuvlvwhqfh vkrxog eh srvlwlyh/









Qrwh dovr wkdw wklv lv d phdvxuh ri shuvlvwhqfh qhw ri wkh uhodwlyh yduldqfh
ri frxqwu|0vshflf dqg joredo vkrfnv= hyhq li 4 lv kljk/ frxqwu|0vshflf
vkrfnv pd| vwloo h{sodlq d vpdoo vkduh ri orqj0uxq yduldqfh ehfdxvh wkh|
duh ohvv yrodwloh wkdq joredo vkrfnv1 Lq wklv vhqvh/ 4 whoov xv krz pxfk
pruh shuvlvwhqw frxqwu|0vshflf vkrfnv duh wkdq joredo vkrfnv 0 uhjdug0
ohvv ri wkhlu uhvshfwlyh yrodwlolwlhv1 Zh dgguhvv wklv lvvxh lq wkh qh{w
vxevhfwlrq1
615 Zkdw gulyhv wkh frpprq wuhqgB
Wkh vkduh ri orqj0uxq rxwsxw yduldqfh h{sodlqhg e| frxqwu|0vshflf vkrfnv
lv jlyhq e|
Ek￿r2￿  k2r￿￿2
Ek￿r2￿  k2r￿￿2 n k2
￿r2
22






44Li k￿ 'f / wkhq wkh frxqwu|0vshflf vkrfn zloo h{sodlq doo wuhqg rxwsxw
jurzwk yduldqfh dqg 4 jrhv wr lqqlw|1 Vkrfnv wr wkh fxuuhqw dffrxqw
+zklfk duh dvvxphg wr eh frxqwu|0vshflf, dffxpxodwh wr wkh vwrfkdv0
wlf wuhqg lq rxwsxw dqg wkhuh zloo eh qr orqj0uxq ihhgedfn iurp rxwsxw
wr wkh fxuuhqw dffrxqw1 Zh fdq wklqn ri wkh hfrqrp| ehlqj gulyhq e|
lglrv|qfudwlf vkrfnv wkdw duh wudqvplwwhg iurp wkh uhvw ri wkh zruog1
Li/ krzhyhu/ k2 'f / wkhq wkh vkrfnv wr rxwsxw gulyh wkh mrlqw
g|qdplfv ri wkh v|vwhp dqg wkh fxuuhqw dffrxqw lv wkh yduldeoh wkdw kdv
wr ehdu wkh dgmxvwphqw exughq lq wkh orqj0uxq1 Vwloo/ wkh vkduh ri wuhqg






Wkh uhodwlyh zhljkw ri frxqwu|0vshflf vkrfnv zloo ghshqg rq wkh
uhodwlyh shulrg0}hur lpsxovh uhvsrqvh ri rxwsxw wr joredo dqg frxqwu|0
vshflf vkrfnv1 Vr/ frxqwu|0vshflf vkrfnv zloo vwloo kdyh wkhlu uroh exw
qrz zh vkrxog wklqn ri wkhp dv ruljlqdwlqj lq wkh frxqwu|/ zlwk wkh
rxwsxw uhdfwlrq fdxvdoo| sulru wr wkh uhdfwlrq ri wkh fxuuhqw dffrxqw1
Hfrqrphwulfdoo|/ whvwv ri wkh k|srwkhvlv k￿c2 'fdprxqw wr whvwv
ri zhdn h{rjhqhlw| lq wkh vhqvh ri Hqjoh/ Khqgu| dqg Ulfkdug +4<;6,=
wkh g|qdplfv ri wkh uhpdlqlqj yduldeoh lq wkh v|vwhp fdq eh fruuhfwo|
fdswxuhg e| frqglwlrqlqj rq wkh zhdno| h{rjhqrxv yduldeoh lq wkh vhqvh
wkdw qr orqj0uxq ihhgedfn uhodwlrqv duh qhjohfwhg1 Zh suhvhqw whvwv ri
wklv k|srwkhvlv lq wkh hpslulfdo vhfwlrq ri wkh sdshu1
616 Dvvhvvlqj wkh txdolw| ri vkrfn lghqwlfdwlrq
Wkh lghqwlfdwlrq ri joredo dqg frxqwu|0vshflf vkrfnv lq wklv prgho
uhvwv rq lqvljkwv ghulyhg iurp wkh wkhru|= qrw doo frxqwulhv ri wkh zruog
fdq uxq fxuuhqw dffrxqw vxusoxvhv ru ghflwv vlpxowdqhrxvo|1 Khqfh/ wkh
zruog lqwhuhvw udwh vkrxog dgmxvw dqg wkh hhfw rq fxuuhqw dffrxqwv vkrxog
eh vpdoo ru hyhq }hur1
Hyhq wkrxjk wklv vhhpv d sodxvleoh dvvxpswlrq/ lw lv fohduo| qrw
whvwdeoh lq wkh iudphzrun ri wkh prgho dv wkh Fkrohvnl0ghfrpsrvlwlrq
45zh lpsrvh lv mxvw0lghqwli|lqj1 Krzhyhu/ rxu dqdo|vlv zloo surfhhg lq wkh
vdph zd| iru doo pdmru vhyhq lqgxvwuldol}hg frxqwulhv1 Wkrvh frxqwulhv
dffrxqw iru urxjko| 93 shufhqw ri zruog hfrqrplf rxwsxw1 Krz joredo
ru frxqwu|0vshflf wkh vkrfnv zh lghqwlhg dfwxdoo| duh fdq eh dvvhvvhg
xvlqj furvv0frxqwu| lqirupdwlrq1 Zh zloo glvfxvv wklv lvvxh khuh1
D orjlfdo vwduwlqj srlqw lv fhuwdlqo| wr orrn dw furvv0frxqwu| fruuh0
odwlrqv ri joredo dqg frxqwu|0vshflf vkrfnv1 Khuh/ zh zrxog h{shfw wkdw
rq dyhudjh/ joredo vkrfnv duh pruh kljko| fruuhodwhg dfurvv frxqwulhv wkdq
frxqwu|0vshflf rqhv1 Exw krz idu vkrxog zh sxvk wklv lghdB Lw vhhpv
xqolnho| wkdw furvv0frxqwu| fruuhodwlrqv ri frxqwu|0vshflf vkrfnv duh df0
wxdoo| }hur 0 vkrfnv pljkw diwhu doo eh vshflf wr d jurxs ri frxqwulhv1
Dovr/ vrph xszdug pryhphqwv lq wkh fxuuhqw dffrxqw lq rqh frxqwu|
zloo fruuhvsrqg wr grzqzdug pryhphqwv lq dqrwkhu frxqwu|*v fxuuhqw df0
frxqw1 Wklv uh hfwv wudqvplvvlrq ri vkrfnv dqg wkh idfw wkdw zkhq zh xvh
wkh fxuuhqw dffrxqw dv dq lghqwlfdwlrq ghylfh iru dv|pphwulf2frxqwu|0
vshflf vkrfnv/ wklv phdqv wkdw wkh vkrfn grhv qrw kdyh wr ruljlqdwh lq
wklv frxqwu|1 Udwkhu/ wkh frxqwu|0vshflf vkrfn lv wkh rxwfrph ri d frxq0
wu|*v ohqglqj wr dqg eruurzlqj iurp pdq| rwkhu frxqwulhv/ hvvhqwldoo| dq
dpdojdp ri pdq| elodwhudo dv|pphwulf vkrfnv1
Olnhzlvh/ joredo vkrfnv vkrxog qrw eh h{shfwhg wr eh shuihfwo| fru0
uhodwhg1 Udwkhu/ doorzlqj iru glhuhqfhv lq lqwhuqdo wudqvplvvlrq phfkd0
qlvpv/ zh vkrxog h{shfw wkdw wkh fruuhodwlrq lv orzhu wkdq xqlw|1
Dq dssurdfk wkdw wdnhv dffrxqw ri wkh qrlvh lq wkh vkrfn wlph vhulhv




| eh wkh yhfwru ri wkh
vwdfnhg zruog0zlgh vkrfnv dqg ,S
| eh lv wkh frxqwhusduw iru wkh frxqwu|0
vshflf vkrfnv1 Wkhq/ wkh fryduldqfh pdwul{ fdq eh ghfrpsrvhg
ULE,'\
￿ +58,
zkhuh \'_@}Eb￿b. dqg b @ b￿n￿  ' S1 Wkh sulqflsdo frp0
srqhqwv duh jlyhq e| 
￿,|/ zkhuh wkh uvw sulqflsdo frpsrqhqw h{sodlqv
wkh kljkhvw vkduh ri wkh yduldqfh/ wkh vhfrqg wkh vhfrqg0kljkhvw hwf1
Lq sduwlfxodu/ lw ehfrphv srvvleoh wr whvw krz pdq| sulqflsdo frp0
srqhqwv duh vx!flhqw wr h{sodlq wkh yduldwlrq lq wkh gdwd1 D whvw iru wklv
46nlqg ri sureohp kdv ehhq vxjjhvwhg e| Eduwohww +4<87,1 Wkh k|srwkhvlv
r iw k hE d u w o h w ww h v wl vw k d ww k h u v w&sulqflsdo frpsrqhqwv h{sodlq wkh
yduldqfh ri wkh gdwd zkhuhdv wkh odvw R  & +zkhuh R lv wkh glphqvlrq ri
wkh yhfwru ,, duh hvvhqwldoo| lqglvwlqjxlvkdeoh1 Iru wkh ghwhuplqdqw ri



















Wkh dowhuqdwlyh lv wkdw wkhuh duh & nvljqlfdqw sulqflsdo frpsr0
qhqwv dqg wkh ghwhuplqdqw ri wkh glvshuvlrq pdwul{ fdq wkhq eh zulwwhq
lq dq dqdorjrxv zd|1
W k hu d w l rr iw k hw z rg h w h u p l q d q w vl vj l y h qe |
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Zkhq dssursuldwho| vfdohg zlwk d idfwru lqyroylqj vdpsoh vl}h/ wkh
orj ri wklv h{suhvvlrq fdq eh jlyhq dq dssur{lpdwh 20glvwulexwlrq1
Lq wkh frqwh{w ri rxu sureohp/ zh zrxog h{shfw wkdw vxfk d whvw
ghwhfwv rqo| rqh sulqflsdo frpsrqhqw wkdw h{sodlqv wkh yduldwlrq lq wkh
gdwd rqfh zh dsso| lw wr joredo vkrfnv dqg d pxfk odujhu qxpehu ri
vljqlfdqw sulqflsdo frpsrqhqwv dprqj wkh frxqwu|0vshflf vkrfnv1
Dovr/ wkh wkhru| vxjjhvwv wkdw wkh sulqflsdo frpsrqhqw gulylqj wkh
joredo vkrfnv lv dvvrfldwhg zlwk wkh zruog lqwhuhvw udwh1 Zh fdq whvw wklv
lpsolfdwlrq e| frpsdulqj T￿,￿
| zlwk d phdvxuh ri wkh zruog lqwhuhvw udwh/
zkhuh T￿ lv wkh uvw urz ri 
￿1
477 Hpslulfdo uhvxowv
714 Hvwlpdwlrq dqg prgho vshflfdwlrqv
Lq wklv vhfwlrq/ zh uhsruw wkh uhvxowv ri wkh hvwlpdwlrq ri rxu prgho iru
wkh J: frxqwulhv1 Wkh gdwd zh xvhg duh dqqxdo uhdo JGS iurp Jrugrq
+4<<6,/ 4<930<4 dqg fxuuhqw dffrxqw 2 JGS udwlrv iurp Wd|oru +4<<9,
dqg ruljlqdoo| gxh wr Revwihog dqg Mrqhv +4<<3,1 Lq rughu wr pdnh rxwsxw
yrodwlolwlhv frpsdudeoh dfurvv frxqwulhv/ zh wudqviruphg rxwsxw lqwr dq
lqgh{ e| glylglqj wkurxjk e| wkh uvw revhuydwlrq1 Zh dovr glylghg wkh





*tf1 Vwdqgdug lqirupdwlrq fulwhuld vxjjhvwhg wkdw wkh
v h y h qp r g h o vv k r x o ge hv s h f l  h gz l w kr q hr uw z ro d j v 1 Z hg h f l g h gi r u
wzr odjv wkurxjkrxw1 Wkh prgho zdv wkhq hvwlpdwhg zlwk dq xquhvwulfwhg
frqvwdqw whup1
Zh dovr lqfoxghg d qxpehu ri frqglwlrqlqj yduldeohv lq vrph ri wkh
prghov= lq whvwlqj iru wkh qxpehu ri frlqwhjudwlqj uhodwlrqvklsv/ zh frxog
qrw uhmhfw wkh qxoo ri qr frlqwhjudwlrq lq wkh fdvh ri wkh XV dqg Fdqdgd1
Wklv/ krzhyhu/ vkrxog qrw eh wrr vxusulvlqj dv wkh wkhruhwlfdo prgho lv
ghvljqhg iru d vpdoo rshq hfrqrp| lq wkdw lv wuhdwv wkh zruog lqwhuhvw
udwh dv {hg1 Wkh XV lqwhuhvw0udwh/ krzhyhu/vhhpv wr sod| dq lpsruwdqw
joredo uroh1 Lqghhg/ lw lv olnho| wkdw wkh X1V1fxuuhqw dffrxqw frqwdlqv d
odujh *vshfxodwlyh* frpsrqhqw wkdw lv wkh rxwfrph ri lqwhuqdwlrqdo fdslwdo
 rzv lqgxfhg e| fkdqjhv lq wkh lqwhuhvw udwh glhuhqwldo ylv0d0ylv wkh uhvw
ri wkh zruog11
Zh wkhuhiruh ghflghg wr lqfoxgh wkh Jhupdq0X1V1 lqwhuhvw udwh gli0
ihuhqwldo dv dq h{rjhqrxv uhjuhvvru lqwr wkh prgho iru wkh XV1 Hyhq
wkrxjk zh irxqg wkh XN fxuuhqw dffrxqw wr eh vwdwlrqdu|/ lw lv olnho|
wr eh gulyhq wr d odujh h{whqw e| fkdqjhv lq wkh sulfh ri rlo1 Pryhphqwv
lq wkh rlo sulfh/ krzhyhu/ duh sulph fdqglgdwhv iru joredo vkrfnv/ vr zh
ghflghg wr frqglwlrq wkh prgho iru wkh XN rq wkh sulfh ri rlo1
Lq wdeoh 4 zh suhvhqw wkh uhvxowv ri Mrkdqvhq*v whvwv iru frlqwhjudwlrq
diwhu wkh lqfoxvlrq ri frqglwlrqlqj yduldeohv1 Jhqhudoo|/ zh uhmhfw wkh qxoo
ri qr frlqwhjudwlrq pruh vwurqjo| wkdq zlwkrxw wkrvh yduldeohv1 Iru vl{
48frxqwulhv zh qg rqh frlqwhjudwlqj uhodwlrqvkls dw wkh 80shufhqw ohyho1 Lq
sduwlfxodu zh qrz dovr qg d kljko| vljqlfdqw frlqwhjudwlqj uhodwlrqvkls
lq wkh X1V1 fdvh1 Rqo| iru Fdqdgd zh frqwlqxh wr dffhsw wkh qxoo1 Vwloo
zh ghflghg wr lpsrvh rqh frlqwhjudwlqj uhodwlrqvkls lq wkh hvwlpdwlrq ri
doo vhyhq prghov1
Wdeoh 4= Mrkdqvhq*v whvwv iru frlqwhjudwlrq
Wudfh whvw Pd{HY whvw
Mf  'f ' 'f '
XV 63168 5196< 5:1:4 5196<
Mdsdq 4:137 71378 46 71378
Jhupdq| 4;15 51385 49148 51385
Iudqfh 461:< 3196<5 46148 3196<5
Lwdo| 5819; 3137:5; 58196 3137:5;
XN 54158 713<9 4:149 713<9
Fdqdgd 43158 317785 <1;37 317785
<3( fulw1 ydo 4818; 919< 451:; 919<
<8( fulw1 ydo1 4:1;7 ;1;36 4719 ;13;6
8 +43, (0vljqlfdqw ydoxhv duh lq erog +lwdolfv,
Rqfh zh lpsrvh d frlqwhjudwlqj uhodwlrqvkls lq wkh hvwlpdwlrq/ whvwv
ri wkh frlqwhjudwlqj vsdfh vkrz wkdw lw lv jhqhudoo| wkh fxuuhqw dffrxqw





lv dffhswhg dw wkh 80shufhqw ohyho1 Iru Jhupdq| wkhuh vhhpv wr eh d
vpdoo exw vljqlfdqw frh!flhqw rq rxwsxw lq wkh frlqwhjudwlqj yhfwru1










XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
q2 031336 3134 0313; 313337 031334 3138 3134
R0ydoxh 31;6 3179 31334 31<7 31;6 313< 3158
Edvhg rq wkhvh suh0whvw uhvxowv/ zh ghflghg wr surfhhg dv iroorzv= zh
lpsrvhg rqh frlqwhjudwlrq uhodwlrq lq wkh hvwlpdwlrq ri doo vhyhq prghov1
49Krzhyhu/ lq wkh hvwlpdwlrq ri wkh Jhupdq prgho zh ohiw wkh frlqwhjudwlqj
vsdfh xquhvwulfwhg1
715 Joredo dqg frxqwu|0vshflf vkrfnv
Zh duh qrz lq d srvlwlrq wr glvfxvv wkh txdolw| ri wkh lghqwlfdwlrq vfkhph
zh kdyh sursrvhg iru joredo dqg frxqwu|0vshflf vkrfnv1
Zh vwduw e| h{srvlqj wkh fruuhodwlrq pdwulfhv ri joredo dqg frxqwu|0
vshflf vkrfnv dqg wkhlu dyhudjh ydoxh dfurvv frxqwulhv +wklv furvv0vhfwlrqdo
phdq h{foxghv wkh frxqwu| lwvhoi/ ri frxuvh, lq wdeoh 61 Khuh/ zh qg uvw
idyrxudeoh hylghqfh wkdw rxu vfkhph zrunv idluo| zhoo1 Joredo vkrfnv duh
rq dyhudjh pruh kljko| fruuhodwhg wkdq frxqwu|0vshflf vkrfnv1 Dovr/ wkh
R0ydoxhv ri wkh joredo vkrfn duh pxfk orzhu dqg wkh furvv0vhfwlrqdo phdq
lv vljqlfdqw dw frqyhqwlrqdo ohyhov lq irxu rxw ri vhyhq fdvhv/ zkhuhdv
iru wkh frxqwu|0vshflf vkrfn lw lv qhyhu irxqg wr eh vljqlfdqw1
Wdeoh 6 d,= furvv frxqwu| fruuhodwlrq ri frxqwu|0vshflf vkrfnv
XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
XV 4
Mdsdq 0314< 4
Jhupdq| 03155 315; 4
Iudqfh 31334 3158 03147 4
Lwdo| 0313: 315: 03139 3198 4
XN 313< 314; 0317: 3143 3149 4
Fdqdgd 314: 0315< 3134 03167 03163 3136 4
phdq 03136 313; 0313< 313; 3143 3134 03145
vwg0ghy1 3148 3158 3158 3167 3166 3157 3155
s0ydoxh 3173 316: 3168 3173 316; 317: 3163
ydoxhv ri furvv0vhfwlrqdo phdqv vljqlfdqw dw 8 +43,( duh lq erog +lwdolfv,
4:Wdeoh 6 e,= furvv0frxqwu| fruuhodwlrq ri joredo vkrfnv
XV Jhupdq| Mdsdq Iudqfh Lwdo| XN Fdqdgd
XV 4
Jhupdq| 3173 4
Mdsdq 315< 315; 4
Iudqfh 316: 3177 3169 4
Lwdo| 0313: 03144 3169 3169 4
XN 315< 316: 3178 3177 3153 4
Fdqdgd 31:3 3149 3166 3173 3158 3184 4
phdq 3166 3158 3168 3173 3149 316; 316<
vwg0ghy1 3158 3153 3139 31373 3154 3144 314<
s0ydoxh 3145 3146 31334 3133 3156 3134 3137
ydoxhv ri furvv0vhfwlrqdo phdqv vljqlfdqw dw 8 +43,( duh lq erog +lwdolfv,
Zh wkhq surfhhghg wr whvw zkhwkhu sulqflsdo frpsrqhqw dqdo|vlv
pdnhv dq| vhqvh lq rxu vhwwlqj1 Li vkrfnv duh vskhulfdo ru dw ohdvw lq0
ghshqghqw/ wkhq wkhuh lv qr srlqw lq qglqj d urwdwlrq vxfk wkdw rqh
gluhfwlrq h{sodlqv dv pxfk dv srvvleoh ri wkh yduldqfh1 Lq rwkhu zrugv=
ruwkrjrqdol}lqj wkh yduldwhv zrxog qrw fduu| dq| ehqhw lq wklv fdvh dv
wkh yduldwhv duh douhdg| ruwkrjrqdo1 Ehiruh surfhhglqj wr dq dqdo|vlv ri
sulqflsdo frpsrqhqwv/ zh wkhuhiruh shuiruphg d whvw ri lqghshqghqfh iru
erwk .S dqg .￿1
Wkh whvw fohduo| uhmhfwhg wkh qxoo ri lqghshqghqfh iru erwk w|shv
ri vkrfnv +Rydoxhv ri ff dqg fff,1 Lq wkh fdvh ri frxqwu|0vshflf
vkrfnv/ wklv vxjjhvwv wkdw lqwhuqdwlrqdo wudqvplvvlrq ri wkhvh vkrfnv sod|v
dq lpsruwdqw uroh1
Wdeoh 7 jlyhv wkh uhvxowv ri wkh sulqflsdo frpsrqhqw dqdo|vlv/ vxe0
wdeoh d, iru wkh joredo vkrfn dqg vxewdeoh e, iru wkh frxqwu|0vshflf
vkrfnv1 Wkh uvw sulqflsdo frpsrqhqw ri wkh joredo vkrfn lghqwlhg iru
wkh J: h{sodlqv 76 shufhqw ri wkh yduldqfh zkhuhdv iru wkh frxqwu|0
vshflf vkrfn lw dffrxqwv iru rqo| 63 shufhqw ri wkh yduldqfh1 Wklv klqwv
dw d kljkhu ghjuhh ri *frpprqdolw|* dprqj wkh joredo vkrfnv1
Lq wkh irxuwk froxpq ri wkh vdph wdeoh zh dovr surylgh wkh uhvxowv
ri wkh Eduwohww whvwv iru glphqvlrqdolw|1 Dw d frqyhqwlrqdo vljqlfdqfh
4;ohyho ri D shufhqw/ wkh whvwv vxjjhvwv wkdw frxqwu|0vshflf vkrfnv kdyh
rqh glvwlqjxlvkdeoh sulqflsdo frpsrqhqwv zkhuhdv wkh joredo vkrfn glv0
sod|v yh1 Wklv uhvxow vhhpv vrphzkdw dw rggv zlwk rxu hduolhu qglqj
wkdw frxqwu|0vshflf vkrfnv kdyh d orzhu furvv0vhfwlrqdo fruuhodwlrq wkdq
joredo vkrfnv1 Exw qrwh wkdw rqfh zh orzhu wkh vl}h ri wkh whvw wr 4
shufhqw/ wkhq wkh sulqflsdo frpsrqhqwv ri wkh frxqwu|0vshflf vkrfn eh0
frph lqglvwlqjxlvkdeoh zkhuhdv rqo| wzr sulqflsdo frpsrqhqwv vxuylyh
iru wkh joredo vkrfn1 Rxu uhvxowv vxjjhvw wkdw wkhuh lv d uhgxfhg qxpehu
ri gulylqj irufhv ehklqg wkh joredo vkrfnv1 Zh zloo qrz wu| wr lghqwli|
wkhvh gulylqj irufhv zlwk revhuydeoh hfrqrplf yduldeohv1 Wkhuh duh d ihz
reylrxv fdqglgdwhv= dv kdv ehhq sxw iruzdug lq wkh lqwurgxfwru| vhfwlrqv
ri wklv sdshu/ wkhru| vxjjhvwv wkdw fkdqjhv lq zruog lqwhuhvw udwhv duh d
sulph fdqglgdwh1 Dqrwkhu yduldeoh lv XV0rxwsxw jurzwk1
Wdeoh 7 d,= Sulqflsdo frpsrqhqw dqdo|vlv ri joredo vkrfnv
Sulqflsdo Frps1 Yduldqfh h{sodlqhg Odwhqw urrwv Eduwohww Whvw
4 76199 61389 51<;4h033:
5 4;179 415<5 3133:675
6 4617; 31<767 31353:<
7 <1796 319957 31367;4
8 ;153; 318:78 3135735
9 71945 31655; 3143<9
: 5145 3147;7 QdQ
Wdeoh 7 e,= Sulqflsdo frpsrqhqw dqdo|vlv frxqwu|0vshflf vkrfnv
Sulqflsdo Frps1 Yduldqfh h{sodlqhg Odwhqw Urrwv Eduwohww whvw
4 631<8 5149: 31343<7
5 56187 4197; 31389:8
6 47147 31<<34 3157:7
7 45135 31;746 314;97
8 4316 31:544 314:56
9 813<8 316899 31:;87
: 61<84 315:99 QdQ
Wkh uvw dqg vhfrqg sulqflsdo frpsrqhqwv ri wkh joredo vkrfn duh
sorwwhg lq jxuh 41 Iljxuh 5 jlyhv wkh XV rxwsxw jurzwk udwh zkhuhdv
4<jxuh 6 sorwv wkh XV h{0srvw uhdo lqwhuhvw udwh1
Iljxuh 7 sorwv wkh uvw sulqflsdo frpsrqhqw dqg wkh XV rxwsxw
jurzwk udwh dqg jxuh 8 suhvhqwv fkdqjhv lq wkh uhdo lqwhuhvw udwh dqg
wkh vhfrqg sulqflsdo frpsrqhqw1
Wkh forvh frpryhphqw ehwzhhq XV rxwsxw jurzwk dqg wkh uvw sulq0
flsdo frpsrqhqw wkdw lv dssduhqw iurp wkh ylvxdo lpsuhvvlrq ri jxuh 7
lv frquphg e| wkh fruuhodwlrq zklfk lv fSH1 Wkhuh vhhpv wr eh d olqn
ehwzhhq wkh vhfrqg sulqflsdo frpsrqhqw dqg wkh uhdo lqwhuhvw udwh exw lw
grhv qrw vkrz xs yhu| vwurqjo| lq wkh fruuhodwlrq zklfk lv irxqg wr eh
f2e1 Dovr/ wklv fruuhodwlrq lv srvlwlyh zkhuhdv iurp wkh wkhru| zh zrxog
h{shfw wkdw srvlwlyh joredo vkrfnv duh dvvrfldwhg zlwk ghfuhdvhv lq wkh
uhdo lqwhuhvw udwh1 Vwloo/ jxuh 8 vxjjhvwv dq lpsruwdqw olqn ehwzhhq wkh
wzr yduldeohv1 Zh wkhuhiruh surfhhghg wr d pruh irupdo dqdo|vlv ri wkhlu
mrlqw wlph0vhulhv surshuwlhv1 Iroorzlqj wkh prghoolqj dssurdfk vxjjhvwhg
lq Jrq}dor dqg Judqjhu +4<<8,/ zh fxpxodwhg wkh vhfrqg sulqflsdo frp0
srqhqw ri wkh joredo vkrfn dqg wkh fkdqjhv lq wkh uhdo lqwhuhvw udwh1 Zh










dqg wkh fryduldqfh vwuxfwxuh lv jlyhq e|
P ' @hE|'i j ￿￿j￿c￿’￿c2
Zh lqfoxghg dq xquhvwulfwhg frqvwdqw dqg d vwhs gxpp| wr dffrxqw iru
wkh vhfxodu lqfuhdvh lq lqwhuhvw udwhv lq wkh hduo| hljkwlhv1 Mrkdqvhq*v
+4<;;, whvw vxjjhvwhg wkh suhvhqfh ri rqh frlqwhjudwlqj uhodwlrqvklsv1 Wkh













zdv dffhswhg zlwk R0ydoxh f21 W k l vv x j j h v w vw k d w
lq wkh orqj0uxq fkdqjhv lq wkh uhdo lqwhuhvw udwh duh shuihfwo| lqyhuvho|
fruuhodwhg zlwk joredo vkrfnv1
Whvwv dovr vxjjhvwhg wkdw wkh uhdo lqwhuhvw udwh uhsuhvhqwv wkh frp0
prq vwrfkdvwlf wuhqg lq ~|/ l1h1 zh irxqg k2~ 'fzklfk vxjjhvwv wkdw




















53Rxu hvwlpdwh ri j2￿*j22 lv feH/ pxfk kljkhu lq devroxwh whupv
wkdq wkh fruuhodwlrq ehwzhhq {o| dqg e￿
| wkdw zh fdofxodwhg hduolhu dqg
wkdw zh irxqg wr eh f2e1 Dovr/ wkh fruuhodwlrq lv qrz qhjdwlyh/ lq dffru0
gdqfh zlwk wkh wkhru|1
Wkh uhvxowv vxjjhvw wkdw wkh joredo vkrfn lv lqghhg qhjdwlyho| uh0
odwhg wr pryhphqwv lq wkh uhdo lqwhuhvw udwh1 Lq wkh orqj0uxq wkh fruuh0
odwlrq vhhpv shuihfw/ zkhuhdv lq wkh vkruw0uxq lw lv vrphzkdw ohvv sur0
qrxqfhg1
7 1 6 S h u v l v w h q f hd q gw k hu h o d w l y hl p s r u w d q f hr ij o r e d o
dqg frxqwu|0vshflf vkrfnv
Wdeoh 9 surylghv rxu hvwlpdwhv ri shuvlvwhqfh iru frxqwu|0vshflf vkrfnv1
Wkh uhvxowv duh yhu| lqwhuhvwlqj= iru wkh irxu vpdoohvw hfrqrplhv/ frxqwu|0
vshflf vkrfnv duh irxqg wr eh pxfk ohvv shuvlvwhqw wkdq joredo vkrfnv/zkhuhdv
iru wkh J6/ wkh X1V1/ Mdsdq dqg Jhupdq|/ zh qg wkhp wr eh 9048 wlphv
pruh shuvlvwhqw wkdq joredo vkrfnv1 Wklv uhvxow pd| eh gxh wr wzr uhd0
vrqv= wkh J6 hfrqrplhv duh odujh ylv0d0ylv wkh rwkhu irxu hfrqrplhv dqg
wkhuhiruh pd| qg lw gl!fxow wr ixoo| vprrwk frxqwu|0vshflf vkrfnv
wkurxjk lqwhuqdwlrqdo eruurzlqj dqg ohqglqj1 Frxqwu|0vshflf vkrfnv
pd| wkhuhiruh ehfrph yhu| shuvlvwhqw uhodwlyh wr joredo vkrfnv1 Rq wkh
rwkhu kdqg/ rxu surfhgxuh pd| vxhu iurp vrph plvphdvxuhphqw1 Dv
rxu uhvxowv kdyh vkrzq vr idu/ lw lv pruh olnho| wr zrun zhoo zlwk d vpdoo
rshq hfrqrp| dqg frxqwu|0vshflf X1V10vkrfnv duh fruuhodwhg zlwk joredo
vkrfnv1
Wdeoh 9= Uhodwlyh shuvlvwhqfh ri eS yv1 e￿
XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
4 <1488 91668 48175 314:54 31:574 313498: 31359
Lq wdeoh : zh whvw wkh ryhulghqwli|lqj uhvwulfwlrq lpsrvhg e| wkh
Eodqfkdug0Txdk lghqwlfdwlrq/ l1h1 wkdw 4 'f 1 Wkh uvw urz lq wkh wdeoh
shuwdlqv wr wkh *qdlyh* whvw lq zklfk zh dvvxph r￿￿*r2￿ {hg dqg mxvw whvw
d olqhdu uhvwulfwlrq rq 1 Wkh vhfrqg urz jlyhv wkh whvw edvhg rq wkh
54uhjuhvvlrq ri {t| rq {|/ |3￿ dqg odjjhg ydoxhv1 Wkh *qdlyh* whvw
fohduo| uhmhfwv wkh k|srwkhvlv iru wkh XV/ Mdsdq/ Jhupdq| dqg Lwdo|1 Wklv
slfwxuh lv qrw fkdqjlqj d orw rqfh zh gr wkh uhjuhvvlrq whvw1 Krzhyhu/ wkh
XV ehfrphv d erughuolqh fdvh qrz zlwk wkh k|srwkhvlv dffhswhg dw wkh
0shufhqw ohyho1 Lq sduwlfxodu iru wkh XN dqg Fdqdgd wkh gdwd vxssruw
wkh Eodqfkdug0Txdk lghqwlfdwlrq1 Li zh glvuhjdug wkh fdvh ri Lwdo|/ d
jhqhudo sdwwhuq lv vxjjhvwhg e| wkh gdwd= wkh vpdoohu wkh hfrqrp|/ wkh
pruh olnho| duh frxqwu|0vshflf vkrfnv wr eh orqj0uxq qhxwudo z1 u1 w1
rxwsxw1
Wdeoh := Whvwv ri wkh Eodqfkdug0Txdk uhvwulfwlrq
Whvw rq 
XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
OU 46177 <139 4815 31<5 48174 4139 317;
s0ydo1 313335 31335 3133 3166 3133 3163 317;
Uhjuhvvlrq whvw rq Ek2 
j2￿
j￿￿k￿
w0ydo1 4146 5196 6159 4134; 61<: 31;: 314:
s0ydo1 3146 31339 31334 3148;; 3133 314< 3176
OU lv glvwulexwhg dv 2E dqg w0vwdw dv |E2.
Lq wdeoh ;/ zh suhvhqw wkh uhvxowv ri iruhfdvw huuru ghfrpsrvlwlrqv
ri fkdqjhv lq rxwsxw dqg wkh fxuuhqw dffrxqw1 Wkh uhvxow lv lqwhuhvwlqj
wr frqwudvw zlwk rxu hvwlpdwhv ri shuvlvwhqfh= frxqwu|0vshflf vkrfnv
vhhp wr ixoo| h{sodlq fkdqjhv lq wkh fxuuhqw dffrxqw1 Wklv fruurerudwhv
dq lpsruwdqw suhglfwlrq ri wkh lqwhuwhpsrudo wkhru| zklfk suhglfwv wkdw
wkh fxuuhqw dffrxqw uhvsrqvh wr joredo vkrfnv vkrxog eh qhjoljleoh1 Lw
dovr ohqgv dgglwlrqdo vxssruw wr wkh ydolglw| ri rxu lghqwlfdwlrq vfkhph=
li zh wklqn ri d vprrwk fxuuhqw dffrxqw uhvsrqvh wr vwuxfwxudo vkrfnv
wkhq zh vkrxog qrw kdyh grqh wkh gdwd wrr pxfk kdup e| lpsrvlqj d
}hur0uhvwulfwlrq lq shulrg }hur1
Lw lv lqwhuhvwlqj wr frpsduh wkh rxwsxw ghfrpsrvlwlrq zlwk rxu hv0
wlpdwhv ri wkh shuvlvwhqfh ri frxqwu|0vshflf vkrfnv= lq wkh vkruw0uxq
joredo vkrfnv h{sodlq wkh exon ri wkh rxwsxw yduldqfh exw wkh vkduh ri
wkh frxqwu|0vshflf vkrfn lv qhyhu qhjoljleoh1
55Lq wkh orqj0uxq wkh vkduh ri wkh frxqwu|0vshflf vkrfn lqfuhdvhv/ lq
sduwlfxodu vr lq wkh fdvh ri wkh J61 Wklv uh hfwv wkh kljk shuvlvwhqfh ri
frxqwu|0vshflf vkrfnv lq wkhvh frxqwulhv1 Exw qrwh wkdw hyhq dw wkh 430
|hdu iruhfdvw krul}rq/ frxqwu|0vshflf vkrfnv qhyhu h{sodlq pxfk pruh
wkdq 83 shufhqw ri fkdqjhv lq rxwsxw zkhuhdv wkh vkrfnv zkhuh irxqg wr
eh 9048 wlphv dv shuvlvwhqw dv joredo vkrfnv1
Wdeoh ;d= Yduldqfh vkduh ri { h{sodlqhg e| frxqwu|0vshflf vkrfn
IF0krul}rq XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
4| h d u 4 4 4 4 4 4 4
5 31<8 31<< 31<: 31<; 31<9 31:6 31<<
8 31<8 31<< 31<: 31<: 31<8 31:9 31<<
43 31<8 31<< 31<: 31<: 31<8 31:9 31<<
Wdeoh ;e= Yduldqfh vkduh ri {t h{sodlqhg e| frxqwu|0vshflf vkrfn
IF0 krul}rq XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
4 |hdu 316; 313333 3133 3136 315: 3164 3145
5 3183 3137 3134 3147 3194 3164 3144
8 3185 3164 317; 3148 319: 316; 3146
43 3186 3167 318: 3148 319: 316; 3146
Wdeoh < jlyhv wkh vkduh ri wuhqg rxwsxw yduldqfh wkdw lv h{sodlqhg
e| frxqwu|0vshflf vkrfnv1 Lq olqh zlwk rxu hduolhu qglqj wkdw frxqwu|0
vshflf vkrfnv duh yhu| shuvlvwhqw lq wkh J6 frxqwulhv/ wkh vkduh ri ydul0
dqfh wkdw fdq eh dvfulehg wr wkhvh vkrfnv lv ehwzhhq 53 dqg 63 shufhqw
iru Mdsdq dqg Jhupdq| dqg dprxqwv wr urxjko| ;3 shufhqw iru wkh XV1
Dprqj wkh vpdoohu J:0hfrqrplhv/ Lwdo| lv vshfldo lq wkh vhqvh wkdw 73 shu0
fhqw ri wuhqg rxwsxw yduldqfh lv h{sodlqhg e| wkh frxqwu|0vshflf vkrfn1
Iru doo rwkhu frxqwulhv/ wkh vkduh ri wuhqg rxwsxw yduldqfh h{sodlqhg e|
wkh frxqwu|0vshflf vkrfn lv qhjoljleoh1
Ryhudoo/ wkh yduldqfh ghfrpsrvlwlrqv vxjjhvw wkdw frxqwu|0vshflf
vkrfnv duh jhqhudoo| ohvv yrodwloh wkdq joredo rqhv1 Wkh gldjrqdo hqwulhv
ri 5 phdvxuh wkh yduldqfh ri wkh vwuxfwxudo vkrfnv1 Lqghhg/ wdeoh 43
wkdw jlyhv wkh hvwlpdwhv ri wkh udwlr r￿￿2r22 v k r z vw k d wj o r e d ov k r f n vd u h
jhqhudoo| rqh dqg d kdoi +fS3￿,wlphv dv yrodwloh dv frxqwu|0vshflf rqhv1
56Wdeoh <= Vkduh ri eS lq wuhqg rxwsxw yduldqfh
XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
31;3 3153 315< 3147 3174 3133 3134
Wdeoh 43= Uhodwlyh yduldqfh ri eS dqg e￿0 hvwlpdwhv ri r￿￿*r221
XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd Dyhudjh
31634< 31836< 319684 319789 415;; 318<46 317967 31967;
Wdeoh 44 surylghv wkh uhvxowv ri wkh whvwv iru zhdn h{rjhqhlw|/ l1h1
ri wkh k|srwkhvhv k￿ 'f c' c2 1 Lw lv lqwhuhvwlqj wr qrwh wkdw zlwk wkh
h{fhswlrq ri Lwdo| zh qg wkdw dw wkh 80shufhqw ohyho dw ohdvw rqh yduldeoh
lv irxqg wr eh zhdno| h{rjhqrxv iru doo frxqwulhv1
Wdeoh 44= Whvwv ri zhdn h{rjhqhlw| +R0ydoxhv,
XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd
 3133 3134 3146 3133 3133 3133 3133
t 3195 313; 3133 3146 3133 3149 3186
Lq wkh XV dqg Jhupdq fdvhv/ wkh fxuuhqw dffrxqw lv fohduo| irxqg wr
eh zhdno| h{rjhqrxv1 Qrwh wkdw/ xqghu wkh Fkrohvnl0lghqwlfdwlrq/ wklv
dprxqwv wr vd|lqj wkdw joredo vkrfnv kdyh qr orqj0uxq hhfw rq rxwsxw1
Lq erwk wkh Jhupdq dqg XV fdvhv/ wkh Eodqfkdug0Txdk uhvwulfwlrq zdv
irxqg wr eh vwurqjo| uhmhfwhg +wdeoh :,1
Wklv lv frpsdwleoh zlwk wkh slfwxuh wkdw hphujhg hduolhu lq zklfk
wkh X1V1 rxwsxw wuhqg lv sxuho| grphvwlfdoo| ghwhuplqhg exw dfwv dv d
jhqhudwru iru zruog0zlgh pdfurhfrqrplf  xfwxdwlrqv1 Iru Jhupdq|/ wkh
qglqj wkdw wkh fxuuhqw dffrxqw gulyhv wkh frpprq wuhqg dqg wkh idfw
wkdw d qrq0wulyldo frlqwhjudwlqj uhodwlrqvkls suhydlov ehwzhhq rxwsxw dqg
wkh fxuuhqw dffrxqw vxjjhvwv wkdw Jhupdq wuhqg rxwsxw jurzwk lq wkh
shulrg 4<930<4 kdv odujho| ehhq gulyhq e| vkrfnv wr wkh h{sruw vhfwru/ d
qrwlrq wkdw lv iuhtxhqwo| uhihuuhg wr dv *h{sruw0ohg* jurzwk1 +vhh h1j1 wkh
vwxg| e| Pdulq +4<<5,,
578F r q f o x v l r q
Lq wklv sdshu/ zh kdyh vxjjhvwhg xvlqj wkh uhgxfhg irup ri d vlpsoh lq0
whuwhpsrudo prgho ri wkh fxuuhqw dffrxqw wr phdvxuh vw|ol}hg idfwv lq
wkh lqwhuqdwlrqdo wudqvplvvlrq ri pdfurhfrqrplf glvwxuedqfhv1 Zh kdyh
sursrvhg d vlpsoh lghqwlfdwlrq vfkhph iru joredo dqg frxqwu|0vshflf
vkrfnv1 Wkh lghqwlfdwlrq vfkhph zdv dvvhvvhg xvlqj furvv0frxqwu| hyl0
g h q f hd q gv h h p vw rz r u nu h d v r q d e o |z h o o =j o r e d ov k r f n vd u hp r u hk l j k o |
fruuhodwhg dfurvv frxqwulhv wkdq duh frxqwu|0vshflf vkrfnv1 Dovr/ wkhuh
duh wzr grplqdqw sulqflsdo frpsrqhqwv dprqj joredo vkrfnv1 Zkhuhdv
rqh ri wkhp fdq vwudljkwiruzdugo| eh dvvrfldwhg zlwk XV0rxwsxw jurzwk/
wkh vhfrqg rqh glvsod|v vrph vkruw0uxq dqg shuihfw orqj0uxq fruuhodwlrq
zlwk d phdvxuh ri wkh h{0srvw XV uhdo lqwhuhvw udwh1
Zh kdyh wkhq xvhg wkh sursrvhg iudphzrun wr froohfw vw|ol}hg idfwv
derxw wkh h{whuqdo dgmxvwphqw ri wkh J: hfrqrplhv1 Rxu uhvxowv fdq eh
vxppdul}hg dv iroorzv=
 Frxqwu|0vshflf vkrfnv dffrxqw iru prvw ri wkh fxuuhqw dffrxqw
yduldqfh1 Wklv qglqj fruurerudwhv dq lpsruwdqw suhglfwlrq ri wkh
lqwhuwhpsrudo dssurdfk wr wkh fxuuhqw dffrxqw zklfk vxjjhvwv wkdw
wkh fxuuhqw dffrxqw vkrxog uhdfw wr wkh frxqwu|0vshflf vkrfn rqo|1
 Frxqwu|0vshflf vkrfnv duh pxfk pruh shuvlvwhqw wkdq joredo rqhv
lq wkh J6 hfrqrplhv dqg pxfk ohvv wkdq joredo rqhv lq wkh vpdoohu
J: frxqwulhv1 Jhqhudoo|/ wkh vpdoohu wkh frxqwu|/ wkh ohvv shuvlvwhqw
duh frxqwu|0vshflf vkrfnv1
 Frxqwu|0vshflf vkrfnv duh jhqhudoo| irxqg wr h{sodlq rqo| d prg0
hudwh vkduh ri wuhqg rxwsxw jurzwk1
 Rq dyhudjh/ joredo vkrfnv duh rqh dqg d kdoi wlphv pruh yrodwloh
wkdq frxqwu|0vshflf rqhv1
 Joredo vkrfnv kdyh wzr grplqdqw sulqflsdo frpsrqhqwv= wkh pruh
lpsruwdqw rqh lv irxqg wr eh kljko| fruuhodwhg zlwk XV rxwsxw
58jurzwk1 Lq dffrugdqfh zlwk wkh lqwhuwhpsrudo dssurdfk wr wkh fxu0
uhqw dffrxqw/ wkh vhfrqg rqh lv lq wkh orqj0uxq shuihfwo| qhjdwlyho|
fruuhodwhg zlwk wkh uhdo lqwhuhvw udwh1 Lq wkh vkruw0uxq wkhuh vhhpv
wr suhydlo d vpdoohu qhjdwlyh fruuhodwlrq1
 Fkdqjhv lq wkh XV lqwhuhvw udwh vhhp wr wuljjhu lpsruwdqw fxuuhqw
dffrxqw uhdfwlrqv wkdw duh wkhq irxqg wr eh vwdwlvwlfdoo| h{rjhqrxv
z1u1w1 wr rxwsxw g|qdplfv lq wklv frxqwu|1
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Iljxuh 4= Iluvw +xsshu sdqho, dqg vhfrqg sulqflsdo frpsrqhqwv ri wkh
joredo vkrfnv












Iljxuh 5= XV JGS jurzwk udwhv 4<930<41












Iljxuh 6= XV uhdo lqwhuhvw udwh +h{0srvw/ edvhg rq JGS0Gh 1,









Iljxuh 7= XV JGS jurzwk udwhv dqg wkh uvw sulqflsdo frpsrqhqw ri
joredo vkrfnv









Iljxuh 8= Fkdqjhv lq wkh uhdo lqwhuhvw udwh +gdvkhg, dqg vhfrqg sulqflsdo
frpsrqhqw ri joredo vkrfnv
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